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At the present time, very little I=formatloh is available concernin
the metallurgical effects of antiseizing compounds and lubricants on high
temperature alloys at elevated temperatures. This test was conducted to
gain some background inforastIon in this area.

The test vws conducted In two phases. The first phase subjected
aeven different alloys to the effects of twenty two different compounds
at a temperature of 1000F for ten hours. In the second phase, six of these
alloys were subjected to twenty of the compounds at a temperature of 180CI
for ten hours.

The results of the first phase of the test indicate that none of
the compounds tested cause significant chang in the microstrubture of the
alloys, observable at 250Xgfor temperatures up to 10W4 1800?, however,
considerable corrosion was present. The type and degree of corrosion varied
vith the different compounds and alloys.

From the results of this test, It could be assumed that an of
the compounds tested would be satisfactory for use on these alloys at tesper-
atures to 1000, but care should be used in selecting an alloy.compound
combination for use in the higher temperature range. It shold be noted that
this report deals only vith the nets liurgleal effects of the compounds t"St

ed on metals in the unstressed eondticma and so reference will be MRa" to
the antisel-.ng., lubricating, or bind• capabilities of the combounds. A
future series of tests are now being considered for obtaining this iafzrbm-

ation.
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A number of antiseising cOWudsj, lubriosnto, Wd bindds are ov
in use or being studied for use, at NMOne1L. Very little iWormtion Is
available concerning the metallurgical effects of thes ccqouna on high
teuperature alloyt at elevated temperstures. 2he intent of this report is
to furnish information in thia field.

The info'mtion contained in this report Is based on the results
of teats conducted duriW the period 1 Jkne 1961 throup 18 :4y 1%1, by,
the Methods Test 3roup, tyaam Iboratory, Genr1 Division
of Ne~m~eUl Aircraft.

Me Uiting. w caniled out in two phaes. In phse one, saets
of ef eppcimmi, of differet alloys, wre pUced ia twanty three emkl•An-
ore ,'actanig diffroe' ecpowvds. After thiti the coutaleors w taken
to a, tarViomtue of 100W and held there for ten hours. 3 nhw"se two$, bpoL-.
am of six of the ab re alloys tere subjected to twenty one of the above
co~an3 *-a 180WI~ fo'r eý&" hours.

It should be notrA that this report doels on3 with the mwtalluro-
al effet. Uf the ccapou •s tssted, and co eerence vill be mada to the
antisolsing, lubricatlug, or binding capabilities of the Gompounds. A future

#ser* of test mre nw being eo-sidared for obtainUig thbi infcr~tion.

Saeen ditlke-nt alloys and twuty to ditfefrnt coWmads won
teated, (one c~atainr in each of the t-n, pbae contained oavy the upeoainw
ran wtbibtt &1r) they axe &s. tuLAs:

2. 1 AoY

(A) •Io.el 1: 0.04C, 0.7 ., 0..5 S., 15 U, T3 ai, 1b, 2.5 1,-• 0.9 Al, 7 Fe.' i

(9) A ,28& O.oaC, 1. 5 Nt, 0 5 i, 15 Cr, 25 L 1.25 Ko, o 2 IN,-
0.25 Alp 0.3 V, reeainderft.

(D) L-05: O.l5CMj 1.53&W$ 0.5 Bi 20 Mr, l0 Nil 15 W, 2 Tv, Bsindar

(9) 1biUloy X: 0.15C, •2 Cr, c No 20 r, Nti.4r Xi. J

-~~~ 
AN . T

!A
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2.1 Al1oYu (Cont'a.)

(7) 310B.S.:0.25 C,2ab,l1.5 Sip25a., 203,Oheildwl e.

(G)a13 Mjo: (100wp pbas. only) 0.30, 0.5 af, O.oA p, o.o04s, 0.3 Si,
1 Cr. 0.2 Koo inilar Fe.

1won: soe BboY figure are Bpprozate percetaps of the Orna~te PRset
In the allaY.; therfore, they my Wt add uip to 10*%

2.2 M ud

(A) &Wne Goop: (hctisesisif ODWSW) hNumfaotawed by4 tf
MUttiS O~any, Cleveland, COhio A mbtalic, fluido paste,designed for use on high turj4tersture alloye, at tcmpemstwne

up to 200WV. 00rnoiticn: sbomm oxidd (WOO#) p'aphte,
m&Winoi oxide (iOW, e"lwr An ailica (8i02 ).

(n3) M-ae 42e5AI (Aaitlaeeialg (bzMHraufrcturod by Omn Plumb-
ing Suppla COmpany, ft. Louise, Essotri. A thick, brown past.,
designia for use at tmporatwres to 1050?. Cwpofltioe :!-

forzwation riot released by vvndor. (Used. in 10O yby only.)at

(C) se ff 90:(Anticoiz±,4- aapousd) IAtaufacture4b teT4Lo
00nuf aottrlea Texatay6kte liis. A thcflm ~e ick d fintalui ast,
dsigned forv~ea t aprt to 1&0CW. C0moitioct oydandslidr(~)

I ~(D )~ Delr l23 (Lur Ant)1iz iftgOqKý a~ctur.& by Wlac*Iee fotw Capl.u
N I orsctMic, CoimaMClue AOG b~lack. caelspay. Osayllapstac

71 tbickebfor wea~te ntptý*vataumses tta to 18W moiin.clloda

.,()j~tnU 1c~ (Ezibical i)-4 ao@o A) 11w aoo tared ad v& fa

1. I eleetriomnyr bor4ad film, 4.alsjw4 for use at traeto
~ l5~P. Oettion.U : grehite *ad load oxide (M~).

SV
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2.2 Omousst (cmt '4.

5' (I)1005: (La cant) Capoisft amdactced an applied
' by TD'aenft Corporsatiocg, St. louis, Kusaowti. A thin, black,
electrically bonded film, desipaed for us. at tagentunem to
T0OW in air (to 2000' in sacu). *maiticc: inelaWha

(1) NIectrofila, 2006: (AatimeiaiagCmom) %oi umfem
Wm applied by Dy'aonft (M'pcroticam, St. lauls, ftnoci. A

thin black electricall bande film, deuiped for us. at t~ier-
stunes to 8W0 in air (to 200C' in viamoTo).Tqoation:

(Jt) fleetxoillm 6601 ,(Ant"Imnms omqamoe) tqpotst man&fct~
and applid by n,1acmuft 0orporstiaa, St. luads, Missouri. A
thin, blsack electrically bonded fila, desined for mse at

/ i tperstures to 60M lia air (to M000 In mourn). ~~Oa~itic:
olybdonia disulfids (tD8 2 ) aMA ptsite.

'2(K) Fbospbatharm 35: (flti"seisiu ~caod) knizfactun*d by M Ap
t~ykoto Co~rpo1ration, Stamifor, OoCBaticttt. A coon.,p pilp
powder desigWe for use at tewaqemtons to 2200'. (mwaaitiocs¼ ~ potasitra, sod~n, sad rhosjtr pntoids (Pa0ý)

(L' 3~lykote I-tO&4: (Lubricant) Ikggfaot-ard by Sou Alzt tlykotc
Clzbzwntioa,. Btmzodd COmnctout. .A thla, black, matallics, liquid,
&-uigmed for use at tusaraturs to T009' is air (to 2000' is manm.)
(tzp~oaiticst iaýyt diculfid. ODAs) (1Usad In 1000 r&.e

(Ja Uolykote X-106-, (Lubricant) Sawn as tlykoate IAJOQ with the
ec~e~ptio of the vaterla rs4d as a bitt.

§U: Mhe atertula listed rrdsr capoeitfca for tias aboe ccasrcial
ccpouma2s &re caly tbe b~aaic cc#'mants. O30l1te iaonzaticn
Wa the cuizoaete Of thes ocaqocn3 ISO is wet cases wASwfl-.

(1) Szdi'a Silicate: (Undasr) A tbick, clatr,, liquid thC4%ý)

4 (0) Silica: (inubier) A fin, utte rnda. (i);ASC.O. jcr Pa6d.

(ri tae t gawia (Mutceisag Owxaoi) A thiktt liqd.

- (q) pctalk of ie kit ses% '-~)A a 'tits laer
(~~o U aOS. nc.a pads

W4V=ium 3ddt (AtI~tjW-Oaxpmd)A fi %Us p-~-v
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2.2 OnmiE22S& (Omt'd..
00) Dorou Nitride: (Antiseizing OMPinpou). A fla vite paodr.

WN; cowreial grade.

(8) boric Mide: (Binder) A flt~ vhits greaular oamp=&M. (O
A.C.8. reagent grade.

Lo Iad Onoiddst (Lubricmnt) A fine, yallov, powder.. (1%0)t NI.V

+ IX grade.
()Calci~m Fluoride: (Lubricant) A fine. bbidte pode (2)

A.C.S. reagent paed..

C)Load &x1fidet (Lubricant) A cowrse, black yovider. (MG);
A.C.6. reagent grad.

O~ntaizwrs fok- the opecianaw wA ccwpounds were fsb~ricsated from
301 B.S. sheet wA tube vtotk. 36aterie.1s for inpecimmn wero obtained and
inachind wten required, &Ma"dc to the required dima±ono ("a Figure Aii page 95

For the 100C phase of the test sets of seven specimens, Coe of
each wteria1 type (mee*~~~ of Teat Articles, Aloys". Vapeg 2)
were plAced in 'tventy three dlifferent contaiert. Me5 speiusna vr

suapmW ou taiiiless ste*.1 wire "n saparated by careaic bead ajuc m so
ths specimens could not Cow~ into co~itact with each other- or tba eowaizr.'rs

the tcoualez of t e added~. to~ theg oteram ofs te~it. (ier.Te the.

Iw~v areao the co&XV -xe was le he actait tb* ea q ctitwase wis boe clan-
.4t hsad preuze4fre airt respzt4e feipoupa. ~cl sp cin Vmtio fore thaed
al-tcao thei etieun thmews sand bigb* si frtu th Xwow u. (6" iguDt

stelFor~.~ th-2 18"~ pbese ofUse thes, tb~ "e cotaisre limitclean-f
odi mandrovridl flor their mtity c~tapovae fre sueeds. we"plaedt.

in uwoi 0tatinrs, in the tsari (taaae t as (~ forau -10 ph&" a
there lerr* anl sie tfr ca w ta eattt u o h tt ht m43

0 tlsoir fvcitdbcý fU wrmuelsttooo

tbsmoil lool votyeoOU m r ~ oamU
4*PUA ATCCMC.Oek.51 ,zodtltcu"o Wr

stur liatatcna theot~ (k totcr*16W) oomw ofwt biri
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All eorqounis tested., with the exception of tho Usewtroftla oerie,
which uvre .lects-icany bonWe to the SNOCIMU. by DMaersft Corpoatiom,
W.). Loaim, lassouri, were SMS& to USe *ontainers atter USe spbecimm Vere
aom~tol in them. %%a eonte-izsra ver then j~ams& in as air atmqase" furmace,

* ~in tUs Materials amid Nothoft !.Aborstoryp wa held at 30CU' for *VpproImt3
one b~ir to drive off volatile subatsawas. fte lids vers them placed oa
the contains" and tbey were subjected tolk tbe191tur exposare.

were placed. in an air atmosphere furnce. Then the sypecmus mere hosted t
a tmqrature of 1000V and hold at t-bis taemerture for ten bows, &t Uw
.4 to air cool to room temperature. Tha speciamm vere than ruwvjd ftwL
Cie containers, and. the coatainars were clsmWe in yreparstioa for use in
the 180( $p.se of the test.oe cai.;

71or the 180C" piaso, the tirety on otiesrtwenty coutiniag
the caqwunb. to be tooted. (ste Desceription of Test Article&,, Cpogound
pop 3) wd one, for contaol spocinmeus containing~ su~ibest air; war* placed
im au air atmosphsi funiaco wA basted to a tempersture of 18"1t,hoi3, at
thi temperature for ten hours a" &alovd to air cool to r~om temperiature.

Atrthis, they v rs rmvvsd froa h coatajerti to tw unted wtpoliswe.

4 ~A tmansverst oml locgitiusll saxple wer ecut frim eachb spitimas.
ft eevre nouated in a clear plaotic (1pon 828 resin, using diothya~i

trianin for catalyst). After thlia, the saxples werv Vouxai wM palesishe
3 for motallographic wzasinatlori. The saxples frou th* Y e0(W s~ure vere

thm etcebd "M photumic-rograph tzkn of the Tamnwwrta bmarles. M~oto-
ii uiacrmrapz vexe obtained prior soil suboaqwat to the 160(2W erýpoaure toose

fth p otoicxosrephv of the tmresroe s~ample tram tOn 10"C
*J-T' a r Q'VWI that the C onouni teciei caui..4 wi wtliC~ant Chan# in

2- throiat 65.

fts h~ out-icromr.bs of' the 18OOri expoaur* @aV-.e (see riV~ir 16-2.
tbxcA-,Jm 415 mea 66 tlwouah 195) show. a ida wnrlety of offecto, rmz&U4x
from no attack to Very SCIVer ovcor'eiw aC4tion (see Uble 1, Pat* 6).
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5. ?eMWIL3B (Lbnt'd.)

fthe resul.ts of this pbause of the tout show that several of the compounds
tested would be urnsctisfactory for use in this taew~rature rsn&*.

6. &swss1 Or TMD wMs

The results of the 1800 ptase of this test., indicate thst three
of the compounds tested caued no sipiflcant corroeive attack (i.e. the
corroslon present was of the sae type sad did not exceed the rate of
corrosion of the coutrol epescins, which mo eosed to only air) to
aw of the alloys tested, for tasperatues up to 180". hese three
compounds, Tel-Pro CS-A, Boron Nitride, sad Milk of age .A, ver thn
leasnt corrosive. At the other cad of the scale vas Mae-Off Mg0
Fhos*fero BE) Mol~kte '-106,, wA ld s ulfide. Thee four copounds
a"%erely attacked all the CI~oy tested. the corrosive action of the fther
13 compounds teated to 18"O varied vithin the range of these two extem.

Som of these compounds attacked a few of the alloys while leaving the others
Suntowaod,, amd sore of the sa•ligtly attlcked l the alloys. The raitd-or of the ccavounda displayw*d a caaimtion of both of these vices by
sl.ebt~l. attackldn w alloys W• se-vrrely attaki others.

The**- re indicate that certain facts, sch as the alloy the
co~ound is Wo be ,zaed o•a Wx the swcoumt of corroadkca &Ulowbl*, shoul
be taken i to ansidermtAoa before these e aro used.

-Aother factor to be cirsideod io the temratur- st v tch e
ceupins are used. Biwa the ewrtue o d bv.m IOOw, II sm no
corrosion vas obserred, and lOOCF, vhNre coniderable corrosio vas ob-
ate-ed, is quite large, te rendta here are not too conclusive.

t# Pact that no sigzificast aannt of .tt.,:A m'n pnent an the
apacitims aafbjecte4 to the 1000? r.-&a~e off thio traut, IninItcsn that aCl
the CCS-•tmS ?zt& W d bA sati e-tory for =a up to this tAnr .turt.

The awzt of corro•.i =*sent ea the sreclna subjected to the

I8ocV phase of this t4nkt abon that can fishctvd be ttsn, in selecting &
ccwc~z4 oruse in tai teaperature iti.

It should be rnstsid ýt'o tWs report deels oolj with t~s w etaUrjtcal
effects of the cowpot tot-ad cc metals in tt~a =otsteasd coalition &&I
no referere will be web to the eatiwisiing, lubricatiug or blading
capabilitles of tbeefocas A fiatwu serit. of test. areno bait&g cc-

.0, sidared for obtainizr this infoatcC.

-•• •"-
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x A-286 Heue'41 ko60 ''. 310 6. 6.

Uase o~ff" V. Poor V,. P~orYiTor V. P oor V.~ R*or V. R~o r
Fel-Pra 65-A GoDc Good GNAGododd 0
DoW 12Oood, !lr Good 004 fvrGC

KM"k4Afir Good fair ftir 000d Ifoor
raectrof Um 100D) Fair Fair Good fair TaIr ro
xlecuotilz )O05 Toor Good ftir Fair fi ojZlectrofila 200YT Fair Tair Fa~ir Fair Poor poor
Electrefila 66C rair G0o14 Fair ftir Veer Fair

Fhog~etherFM Y. PoorV. Poor V'. Poor V.'Vor V Poor V w
sodium silicate ftir Good 7arW0 trfi

Silica Good Good Poor Good Good Good
Milk of )Agnesi Good. Good Good Good Good nir
Wrwyt O~i4 Fai God Poor' Fbor 'poor Good

B=ro it~ride Good Good Good G-. GoGo
'1Boric~ Oxide fli r GJood Gcvd Go 1o ~

)bjyjkote X-106 V. %oor V. Poor V. Poor Poor V. Poor v . popr

Lead Honoxide Poor ftir Poor Foor PCO-1 Po3or -

Calcium Flwlride GOod Good cGmoe poor -S Fir

Lead Sulfide V. Poor V. RPoor V. Poor v. Poor V. Poor V. Pwor

Good Vair Poor V. Poo~r

tea4do-resn't ex- ce.3s and/or it of a saomt of worracion ci.>ro~jvy
cctd tA ~Of t~t-. diff~ei-'t tjWp t.%= is ivr*,&t. attack is

*speiw= (Iz &ir). comtrol. eizt
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14 ' 4576 fel-Pro 65-A on Incoae2. x4 Fgure 22

Mag.2O 10000? Etch. A

M-4577 Fel-Pro 63-A on A-286 Figure 23

Mg ,100o0 0 F Etch

M4 Ft-'--'- 65 -Aon7e,*$4

* 77

31
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Z7 M45Th Fel-Pro 65-A on L-605 Figure 25

./ as: 25C)X 1000OF Etch: C

ini

ijlpr 65- inHseCo F~i 6ura

.4 .4 .. ..

I-A

N FtŽ1-Pro 65 -1, is 09S vp.AIK~ vaw
I.
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Viag 250X 10000 F, Etch: E

455i3 1Y3F-123 on Ineonel X IVt
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1:MK 4-
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K 4 ~586 WP-123 on L-"60 Figure 32

Ar]~



C n nPAGE 23

Or .WinU.OL M AY8 REPORT - -A078!
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H 41591 MIL-C-5544 on A-286 Figure 37

M 4 9 I--54 oa /w 1A ue3

ti N.,axgtK N 25'OX 1 )01 Eth c

Ir

-17-
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4 452 MI-425542  ~i est112.Plgue 3
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KI Electrofilm 1005 on L-605 327 148
El Electrofilm 1005 on Hastelloy X 328 149
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Electrofilm 2007 on Inconel X 350 150
Slectrofilm 2007 on A-286 331 150
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Boric Oxide on Hastelloy X 382 177
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Ca Calcit-a Fluoride on Inconel X 396 184
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Re - A-286 in Air (Control Specie i) 409 19
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31, Haste]loy X in Air (Control Specine-) 41-2 193
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TME--LSCT OF Aff .- IXZMN CQ?4PUE3 AND LUBICA1MT

I ON HIGH ET,,RATURE ALOYS AT ELNVAMD IMFRATURE

LA.aMOMrOY LM FM PO y

t 655, Materials Lab. ' Misc.
TMS PoNf cmis ON Tft NO -.
P%0wxrT)N PAT P" TT NOT IIm In none

WORK REQUESTED

OBJECTIVE cuiw map=oj w wm AmS ,vA "&tm
MrMI VC STUT Mm MMrA IEOflg

. OBJET: fv.ýB Revised pages 1, 2 and 3 to corrvF -

1 i, -- -- : • ta and substitute comnds.

To determine he metsurgical eff t'that an;ise ýK g
compounds have on super alloys at elevated temperature.

2 . HISTORY:

i The uses of antiselzing compounds on super alloys,
•!i peaz-tcularly at elevated temperatures, may result in

IA serious consequences. Very little information is

available concerning the metallurgical effects when
.. A using these compounds.

S Work on this T.R. iill be done in two phases. The
first phase is checking for metallurgical effects on
the alloys per the basic T.R. Later, an addendra ill
be added to check the effect of these compounds inthreaded connections.

3! . AMRA•L&S:

•.:]3.1-1 1o.-,el XM 597 li 4" to 1/2" dia.
3.1.2 A- •, 5735 6.0'*

3.i.3 Rene ' Co==Tial
3.-.4 L-605 A- 5759 /
3.1.5 RatMSa

3.1.0 310 stinless JStel AXW 6513.1.7 4130 SteSl )-2-&T67 ,Sse die., but

Cond. C 3 ft. loag

*Depends on availability. All specs", slhou.ld be same
4is=-tcr.

3.2 CCjTa )-As

3.2.1 Silver Goop-Jackson S "py Co., St. los, l

REFERENCES OR ENCLOSURES
D E % Ay RP" IM7 - _ -

7 7-C.-
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3.2.? Crane #40-5A - Cme -Imbiag Surp Coy: St. Lois

3.2.3 Easy Off #990 - Taxaccw Co.

322.4 Fel-PRO-C-5 - Available at M.A.C.

3.2.5 D(T 123 - Miracle Pover Products, Cleveland, Ohio

3.2.7 MIL-I-55Jh! -Available at M.A.C.

3.2.8 Electrofilm 1000 - Dyr'aer•ft Corp., St. Louis

3.2.9 Electrofilm 1005 - "

3.2.10 Electrofilm 2006 - "j!•l 3.2.11 Electrofilm 66C -

1 3.2.12 Phosphatherm IR', &%pha X'olykote Corp., Stamford, Conn.

3.2.13 Molykote X-106M - Available in D. 655 - Test only at 1000OF(13

3.2.14 Sodium Silicate (pow•w) - Available in D. 655

3 3.2.15 Silica ' ) - Avaslabi I-n D. C,5

3.2.16 Milk of Magnesia - Available in D. 655

3.2.17 Moiesiua Oxide (fine powder) - Available in D. 655

3,2.18 Boron Nitride - Available in D. 655

j 3 .19 Bortc Oxide - Available in D. 655

I $ 3. -20 ka I.-106 -Avai'lable In D. 655

3.2.21 LeA Monoxide - Available iz D. 655

3.2.22 Calcium Fluoride - Available in D. 655

1 3.2.23 • .i &•afide - Available ia D. 655

•lt: If a vehicle it needed .o0r a.z' of the ae.b'e co•pounas, cont-st
R.Kol~l=asnberger, D. .4

3.3 Fixtirt M-ater' ria-

3.3.1 301 stLae& steel t l.biug 2 /2!" O.D. X .06. . tl

L33.2 301 ;S.S sh-eet .090-4M -O X 2"X

E'7E 1f 301 s5tairl-e5s steel IS not avA-Algle, use 3_, yA, or 3a
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1. PROCEIxDRE:

4.1 Specimen Preparation

4.1.1 Cut each bar inIWo L lengths and drill a 1/8" hole near one end.

4.1.2 Eeat treat the alloys of paragraph 3.1 accordinK to the following
procedure. All heat treats shall be done in calibrated furnaces.

a. Inconel X MAC P.S. 15924
b. A-286 MAC P.S. 15928
c. Rene' 41 MAC P.S. 15602
d. L-605 No heat treat req'd.
e. Hastd.loy X No heat treat req'd.
f. 310 S.S. No heat treat req'd.
g. 4130 Steel MAC P.S. 15013

4.1.3 Machine all specimens to remove scale.

4.1.4 Fabricate test fixture per Figure I. (24 req'd.)

4.2 Testing

4.2.1 1000PF exposure

a.. Plawe one specimen .of.each alloy in every container. Each
container will then have seven specimens for this exposure
temperatAxre.

b. Add the 23 antiseizing compounds to their individual containers
and identify. Make sure that the alloy specimens are not
exposed to air. The one remaining container and its specimens
will be exposed to temperature without any ccmiound.

c .We3A.li.-4, gA expose to 1000°F for 10 hrs. Then air cool.

,Remove specimens fron the contlmier.

4.2.2 1800°F exposure

(For this temlpeature, the ý130 specimens are omitted.) With a
new group of spdcimens., repeat procedure.of 4.2.1 (a) through
4.2.1 ic) except that the temperature is now 18000F. Expose
for 10 hrs., then air cool. If at all possible, use the sue

-containers that were used-at 1000°F.

14,2.3 Prepare tranavere metallograpbtc specimens of all- sqeimenl7.

NOME: The first 9 comdpouns to be tested are:

Molykote X-106m Lead Sulfide
Silica Br54c Oxidq -Q
Lead 14onoxide Electrofulm 1000
CiaAeebe,"-ofo&ade i '1ý Prsesse fY!.D "W

.Caltcum Pluor4ft

After these, the order of testing Is not important.

co
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5. DATA REQUIRED:

5.1 Photomicrographs at 250X's for each specimen tested.

4.0 VS/AI14 r 3 2

rrypr

• l / .. GO.

71/

,& "

-- - ' I .1 LI . ".00. -
-E 4 1.] E , - .. •

,- -I 3.$ q"'


